Introduction
or children. Strains belonging to serogroups B,F,G,I A serogrouping technique by which 10 serogroups (A,B,C,D,F,G,H,I,K and X ) of Clostridium dificile are identified has been described previously. v 2 So far, more than 3000 strains from various sources have been typed by this method and 96% have been allocated to one of the 10 serogroups (unpublished data). Several epidemiological studies have shown that not all serogroups are equally
Isolates of serogroups A,C,H and K that produced cytotoxin were most commonly found in cases of antibiotic associated diarrhoea. Among these, serogroup C appeared most prevalent and was implicated in most of the outbreaks that we reported. 3y4 The non-cytotoxigenic isolates of serogroup D were isolated from asymptomatic adults and X were isolated from asymptomatic children or neonates. One of the most interesting observations was that most of the strains belonging to serogroups F and G were toxigenic and cytotoxin were usually found in the faeces of asymptomatic carriers.
In 1968, Small reported that hamsters given a subcutaneous injection of lincomycin often died with enterocolitis. 6 Later it was found that C. dificile and cytotoxin were present in the faeces of hamsters with the Since those first reports, the hamster model has yielded important information on aspects of pathogenicity, epidemiology and treatment. lo-' In this study we have compared the pathogenicity for hamsters of strains belonging to the 10 different serogroups of C. 
Materials and methods

Strains of C . dificile
Eleven strains were used: reference strains of the 10 serogroups of C. dzficile'92 and strain 1 1 18 1, belonging to serogroup K, which had been isolated from a case of pseudomembranous colitis (PMC). Reference numbers, production of cytotoxin and source of each strain are indicated in table I.
Preparation of inoculum for animal experiments
Bacteria were grown for 18 h in 10 ml of a pre-reduced liquid medium (LM) at 37°C in anaerobic conditions,' harvested by centrifugation at 2000g for 5 min and resuspended in 1 ml of saline. This suspension was mixed with 1 ml of a 7-day culture in semi-solid thioglycollate medium, to give a suspension containing 107-108 cfu/ml.
Isolation of C . dificile from hamsters and detection of cytotoxin
Faecal pellets collected in a sterile container were emulsified in 4 ml of sterile saline; 0.1 ml was inoculated on to cycloserine-cefoxitin-fructose agar' incorporating sodium taurocholate 0.01% w/v. Cultures were incubated anaerobically for 48 h at 37°C. C. dzficile isolates were identified by colonial morphology and gas liquid chromatography. Faecal filtrate was examined for C. dz3cile cytotoxin (toxin B) by inoculation of confluent monolayers of HeLa cells with specific neutralisation of C. sordellii antitoxin (Wellcome sa, Alost, Belgium). Production of toxin A (enterotoxin) was not investigated. In this report, the terms toxin and toxigenic always refer to cytotoxin.
Serogrouping
Serogrouping was by slide agglutination' with 10 rabbit antisera designated A,B,C,D,F,G,H,I,K and X.
Two colonies were serogrouped from each positive culture of faeces. Cytotoxin production in vitro was tested with filtrates of 48-h liquid cultures. 
Antibiotics
Minimum inhibitory concentrations (MIC) of an timicrobial agents
These were determined by an agar dilution t e~h n i q u e '~ with multipoint inoculation of lo5 cfu on WilkinsChalgren agar supplemented with haemin and menadione and containing antimicrobial concentrations of 0.5-256 mg/L.
Animal experiments
Adult Syrian hamsters were housed individually in isolator cages with air filters fitted in their lids. Cages, food, water bottles and bedding were autoclaved in sealed bags before use.
Faecal pellets from each hamster were cultured for C. dzjicile before each experiment. Animals yielding positive cultures were discarded. Groups of four animals treated with one of the antibiotics were challenged with each test strain. On day 0, hamsters were given a single intraperitoneal (i.p.) injection of 0.5 ml of clindamycin (7.5 pg) or cefoxitin (15 pg). Animals were then given 1 ml of the C. dzficile suspension by gastric inoculation and 1 ml of the same suspension was added to 20ml of the drinking water. After 72 h, the drinking water was replaced by fresh water in sterilised bottles. On and after day 3, faecal pellets from each animal were collected daily for 21 days and the clinical condition was noted. Two groups of four hamsters were usually investigated at the same time and, for each series, one additional hamster given an antimicrobial injection only was used as a control.
Of 49 hamsters treated with cefoxitin and 48 treated with clindamycin, five control hamsters received cefoxitin alone and four received clindamycin alone. Groups of four hamsters treated with each antimicrobial agent each received one of the 11 different strains of C. dzficile.
Polyacrylamide gel electrophoresis (PAGE)
Isolates belonging to serogroup A were further distinguished by PAGE. Briefly, cells of an 18-h culture in LM were sonicated, treated with sodium dodecyl sulphate 10% and 2-mercapto-ethanol 15%, heated at 100°C for 5 min, and proteins were separated by electrophoresis on polyacrylamide gel. After staining with Coomassie Blue, the profiles were compared with those of reference strains. Twelve different PAGE profiles designated A 1-A1 2 are currently recognised within serogroup A whereas strains from each of the other serogroups have a single group-specific profile. The W 1194 reference strain of serogroup A used in our experiments had profile A1 .2
Antimicrobial susceptibility tests
Results are given in table I.
Ce foxit in experiments
The number of deaths in each group of hamsters is shown in table 11. In the first faecal cultures, performed on day 3, C. dzficile was isolated from all but five animalsfour of the five control animals and one animal challenged with the group D strain. Faeces from the latter yielded C. dzficile on day 4. The faecal cultures of one control remained negative until the end.of the experiment on day 21, but four controls became colonised on days 3 , 4 , 4 and 6. Cytotoxin was detected in all culture-positive faeces when the challenge had been a known toxigenic strain. The strains isolated from faeces were the same as those which had been administered orally. Two control animals were colonised by day 4 and day 6 with a toxigenic serogroup-A strain; both died on day 10 and both isolates had PAGE profile A6. The third was colonised by day 4 with a non-toxigenic group-D strain and remained an asymptomatic carrier of this strain until the end of the experiment and the fourth animal was colonised by day 3 with a toxigenic group-C strain and died on day 6.
The median day of death of animals challenged with a toxigenic strain of group A, C or H ranged from 4.5 to 5-75 days. Animals given the toxigenic strain of group K generally died later (9.5 days), but one had a positive faecal culture on day 3, negative cultures on days 4-6 and positive cultures from day 7 until death on day 14.
Diarrhoea usually correlated with presence of cytotoxin in faeces except with strains of groups G or F. One animal challenged with the group-G strain had diarrhoea on days 6-11 but then recovered and remained well until day 21. The animal that died on day 20 and had been challenged with the serogroup-F strain did not have diarrhoea.
All animals which survived continued to have positive faecal cultures until day 21, the last day of the experiment. Cytotoxin was detected throughout the experiment in those challenged with toxigenic strains of group G or F.
Clindamycin experiments
The number of deaths in each group is given in table 11.
Results obtained after challenge with clindamycin-resistant strains belonging to groups C,D,I and K (toxigenic and non-toxigenic) were similar to those in hamsters treated with cefoxitin. All animals were colonised by day 3 with the strain which had been administered. Animals challenged with the group-C strain died after 4,4,4 and 5 days and those given the toxigenic group-K strain (strain 1 1 18 1 ) died after 7,7,10 and 10 days. All of the 12 animals which received strains of groups D,I and K (nontoxigenic) remained well.
The behaviour of clindamycin-susceptible strains from groups A,B,F,G,H and X in clindamycintreated hamsters was different from that in cefoxitin-treated animals. Fourteen hamsters had delayed faecal colonisation when compared with the cefoxitin experiments but in each case serogrouping confirmed that the strain was of the serogroup that had been administered. The first positive faecal culture was recorded between day 7 and day 12.
Death or survival depended on the serogroup of the strain. Ten hamsters were colonised by a strain of C. dzgicile of a serotype different from that of the strain which had been administered (table  111) . Four animals were already colonised on day 3 by toxigenic clindamycin-resistant serogroup-C strains; one animal died on day 4, and the rest on day 5. Five hamsters became colonised by nontoxigenic clindamycin-resistant group-D strains on day 3,4 or 5 . All five remained carriers of group-D strains and survived until day 21. A hamster which had been challenged with a group-F strain was colonised with the group-F strain on day 4 although cytotoxin was not detected in faeces. On and after day 5, cytotoxin was detected in faeces and a strain belonging to group A was isolated. The animal died on day 13. The isolate had a PAGE profile A62 and was susceptible to clindamycin. Three control animals became colonised with C. dzgicile. One with a toxigenic group-C strain on day 4 died on day 7. The second with a toxigenic group-A strain (PAGE profile A6) was colonised by day 10 and died on day 13. The third was colonised with a group-D strain by day 4 and remained a carrier until the end of the experiment.
Discussion
This work clearly demonstrated differences of pathogenicity among strains belonging to the 10 different serogroups of C. dzgicile; these differences correlated with observations of serogroup-related differences in pathogenicity in man. Toxigenic strains belonging to groups A,C,H and K killed all animals a few days after colonisation. These groups have also been implicated in cases of colitis in man. Toxigenic isolates belonging to groups F and G are usually isolated from asymptomatic neonates or children' 9 5 and strains belonging to these groups were non-pathogenic to hamsters even though cytotoxin was produced in vivo. Finally, nontoxigenic strains belonging to groups B,D,I,K and X were non-pathogenic for hamsters. These serogroups seem to be non-pathogenic for man. Pathogenicity was linked to cytotoxin production except with groups F and G.
Colonisation by non-pathogenic serotypes may explain why infants remain asymptomatic despite the presence of faecal cytotoxin. 15- 17 Other theories have proposed a lack of toxin receptors on the intestinal mucosa or inhibitors of toxin in the faeces. Reports of cases of PMC in young children18'19 and a recent observation of PMC in a 6-month-old child due to a toxigenic serogroup-C strain (Delmke, unpublished observations) help to substantiate the first hypothesis. Borriello et al. have reported that not all cytotoxigenic strains of C. dzficile are equally virulent in the hamster model;20 two of the less virulent isolates studied by these authors were from asymptomatic infants and another was from the ward environment of a neonatal unit, but these isolates were not serotyped. We believe that serogrouping may be useful for discriminating pathogenic from non-pathogenic strains, especially when they are isolated from neonates or children. However, further studies are needed to confirm that all strains within a serogroup have similar virulence. One possible explanation for these differences in pathogenicity could be a discrepancy between production of toxins A and B. Our assay detected cytotoxin (toxin B) only. However, toxin A, an enterotoxin, has been shown to be the main determinant of pathogenicity in hamsters. Lyerly 27 Conversely, all C. dzficile are relatively resistant to cephalosporins (MICs 64-128 mg/L). 25 The results obtained with the clindamycinresistant strains of groups C,D,I and K were identical to those obtained with the cefoxitintreated hamsters. A proportion of hamsters which had been treated with clindamycin and challenged with one of the clindamycin-susceptible serogroups, was colonised more slowly in comparison with animals in the cefoxitin experiment. This suggests that colonisation resistance was due to the continued presence of an inhibitory concentration of antibiotic in the intestine for several days after injection of the drug. It is possible that spores of C. dzficile, which are part of the inoculum, persisted in the gut and colonised the animal when antimicrobial concentrations decreased. Despite a delay in colonisation, the virulence of each serogroup was similar to that observed in cefoxitin experiments.
Some of the clindamycin-treated hamsters which were challenged with clindamycin-sensi t ive strains of C. dificile were colonised rapidly by a different strain of C. dificile belonging to group C or D (table  111) . Thus some hamsters challenged with clindamycin-susceptible strains behaved in the same way as some of the control animals. Seven of the nine controls also became colonised, with C. dzficile from previously undetected faecal carriage or from the environment. Some of the isolates from the control animals belonged to group A but had a PAGE profile different from that of the group-A strain used in our challenge inoculum. Animals which were already colonised by serogroup-C strains died whilst those colonised by serogroup-D strains survived. Colonisation by clindamycinresistant non-toxigenic serogroups such as group D appeared to protect animals. This could have important clinical implications. Wilson and Sheagren28 first showed that colonisation with a non-toxigenic strain of C. dzficile prior to challenge with toxigenic C. dzficile was associated with 93% survival of hamsters compared with 21 % survival of control animals. Borriello et al. proposed that the protection afforded by the non-toxigenic strains may be due to competition for ecological niches. 29 Our data show that differences in susceptibility to clindamycin influences the time for colonisation to be established. It is possible that non-toxigenic clindamycin-resistant group-D strain administered to patients before clindamycin therapy might protect them against subsequent colonisation by pathogenic serogroups of C. dzficile. 
